The volatile components from the thalloid liverwort, Marchantia paleacea subsp. diptera were investigated by HS-SPME-GC-MS analysis. The monocyclic monoterpene aldehyde, perillaldehyde was identified for the first time as the major component and its content was about 50% of the volatiles, along with -pinene, limonene,-caryophyllene, -selinene and selinene as minor volatiles. Using MD (Multi-dimensional) GC-MS analysis equipped with a chiral column as the second column, the chirality was determined of both perillaldehyde and limonene, which was considered as the precursor of perillaldehyde,. Both compounds were (S)-(-)-enantiomers (over 99.0 %) and (R)-enantiomers (less than 0.5 %). This is the first report of the existence of perillaldehyde in liverworts.
The bryophytes are taxonomically placed between algae and pteridophytes and 25,000 species are known world-wide. They are divided into three classes, Marchantiophyta (liverworts), Musci (mosses) and Anthoceratophyta (hornworts). Among them, the chemical constituents of liverworts have been studied in more detail, because liverworts possess cellular oil bodies, while the other two classes lack complex oil bodies.
Several hundred new organic compounds have been isolated from liverworts and more than 40 new skeletal terpenoids and aromatic compounds have been found in this class. Most liverworts elaborate characteristic odiferous, pungent and bitter tasting compounds, many of which show antimicrobial, antifungal, allergenic contact dermatitis, cytotoxic, insecticidal, muscle relaxant, piscicidal and nematocidal activity [1a-g] . We are continuing to study the volatile components of bryophytes from the view point of application to the cosmetic field and as food additives. In this paper, we report the identification of perillaldehyde from the thalloid liverwort, Marchantia paleacea subsp. diptera (MPD) (Marchantiaceae).
MPD was cultured on either Nippi soil or Gamborg's B5 medium. During cultivation of MPD type 1, a strong "Perilla frutescens leaf note" was emitted when the thallus was either crushed by fingers or softly scratched by a wood-made brush. However, MPD types 2 and 3, which were not cultured in the above mentioned way, did not show the characteristic note mentioned above. There are many liverworts which emit mossy, mushroomy, ocean, civet and green notes, but there are no reports on either the identification or detection of "Perilla frutescens leaf note" in liverworts. Table 1 shows the distribution of volatile components in the cultured M. paleacea subsp. diptera (MPD type 1), the two non-cultured samples of the same species (MPD types 2 and 3) and Perilla frutescens by HS-SPME-GC-MS analysis. As shown in Table 1 , perillaldehyde (1) (ca. 50%), which is the most important aroma of leaves and seeds of Perilla frutescens (Japanese name, Shiso) used for the Japanese cuisine, Sushi and Tempura, was identified as the major component [2a] , along with limonene (2) (15%), -pinene,-caryophyllene (6%), and -, and -selinenes (2～4%), as minor components of MPD type 1.
The contents of 1-octen-3-ol and its acetate, which are widely distributed in many liverworts, were very low in the two different types. There is no report about the existence of such a monoterpene aldehyde as perillaldehyde (1) presence of limonene, 1-octen-3-yl acetate, and 1-octen-3-ol, while a small amount of aliphatic aldehydes such as heptanal (0.1%), octanal, and perillaldehyde (0.1%) were identified. MPD type 3 collected in Yamaguchi prefecture contained limonene (2.5%), -caryophyllene (67%; the major component), -pinene (～2%), 1-octen-3-yl acetate (1.4%), and -selinene (～3%).
In order to clarify the presence of perillaldehyde, each liverwort specimen was extracted with diethyl ether, followed by GC-MS analysis. It was confirmed that MPD type 1 produced 50% of perillaldehyde, but MPD types 2 and 3 did not contain this characteristic odorous aldehyde and their GC-MS profiles were a bit different from those obtained by HS-SPME-GC-MS in their minor components.
Since the content of perillaldehyde (1) in MPD type 1 was quite high, we compared the presence of 1 between this specimen and the green leaves of Perilla frutescens. As shown in Table 1 , the content of perillaldehyde in P. frutescens is almost the same as that of MPD type 1. Essential and seed oils which contain perillaldehyde are very expensive. Several biosynthetic preparation methods for perillaldehyde using microorganisms (bacteria, fungi, yeasts, and plants) have been reported, but none has been very good [2b, 3,4a] . The present culture method of the liverwort is very safe, cheap and almost for a year, a large production of M. paleacea subsp. diptera is very easily and constantly cultured, and a large quantity of natural perillaldehyde could be obtained.
Perillaldehyde (1) has one asymmetric center. The enantiomeric ratio of 1 was determined using MD GC/MS, because two types of P. frutescens have been known, one having the (S)-(-)-enantiomer of 1, and the other having the (R)-(+)-enantiomer of 1 as its major constituent [4b] . Compound 1 in MPD type 1 was determined as the (S)-(-)-form, which was the same as that of P. frutescens leaves. In addition, limonene, which is considered to be the precursor of perillaldehyde, detected in three of the MPD was also determined as the (S)-(-)-enantiomer (99 %) and (R)-enantiomer (less than 0.5 %). From MPD type 1, perillyl alcohol, shisool and a small amount of limonene-10-ol and p-menthen-10-al were detected, along with a large amount of perillaldehyde, while carveols and piperitols were not identified. Thus, considering the biosynthetic pathway, only (S)-(-)-limonene-7-hydroxylase may contribute to the formation of compound 1 in this liverwort MPD [4c].
Experimental
Plant materials: Marchantia paleacea subsp. diptera (MPDs) types 1, 2 and 3 were collected in Uetako village, Kawakami, Yoshino-gun, Nara Prefecture in May 2013, Myozai-gun, Tokushima Pref. in July 2014, and Zenshouji-temple, in Yamaguchi City Yamaguchi Pref. in March 2014, respectively . Perilla frutescens was collected in Fujisawa city, Kanagawa prefecture, Japan. The plants had not been subjected to any agro-chemicals. The liverworts and P. frutescens were identified by Dr Shimamura M. and Dr Sakakibara K, respectively, and their voucher specimens were deposited in the Graduate School of Science, Nagoya University, and Corporate Research and Development, Takasago International Corporation, respectively.
Cultivation of M. paleacea subsp. diptera: M. paleacea subsp. diptera was cultured on either Nippi soil (Nihon Hiryo, Tokyo, Japan) or half strength of Gamborg's B5 medium (Sigma-Aldrich; Wako, http://www.Sigma-Aldrich.com/) including 2% sucrose in an artificially-lit growth cabinet at 24°C for 16 h (light) and 22°C for 8 h (dark).
Analytical methods for volatile components: M. paleacea subsp. diptera (types 1-3) (0.1 g) was crushed and the volatiles extracted with 3 mL of diethyl ether; the ether solution was then introduced to the GC-MS. M. paleacea subsp. diptera (types 1-3) (0.1 g) and Perilla frutescens were placed, separately, into 20 mL vials and held at 60ºC for 30 min before being introduced to the HS-SPME-GC/MS. Apparatus: Agilent HP6890 gas chromatograph. GC conditions; Column: 50 m x 0.25 mm x 0.15 μm BC-WAX , oven temperature: from 70ºC to 215ºC at the rate of 4ºC/min. The injector and ion source were set at 250°C and 200°C, respectively. The carrier gas was helium with a constant pressure set at 100 kPa. Identifications were made by comparing and matching the retention times and mass spectra with the data of authentic samples.
Determination of the enantiomeric ratio of perillaldehyde (1) and limonene (2) in MPD:
Perillaldehyde (1) and limonene (2) were analyzed by MD-GC/MS under the following conditions. An InertCap Pure-WAX column was set as the first column and then a -DEX 325 chiral column was set as the second column. For analysis of compound 1, the oven temperature program was set from 90°C to 105°C at 0.2°C/min. For analysis of compound 2, the oven temperature program was set from 70°C to 110°C at 1.0°C/min.
